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(54) I^IMINATE STRUCTURE AND PRODUCTION lUIETHOD THEREFOR 



(57) There is provi(ded a laminated structure having 
a silicon carbide coating layer fomned by sputtering on 
an alloy substrate, and the silicon carbide has a light 
transmittance of 70% or greater. It is preferable that the 
alloy substrate is a magnetic alloy or a phase-changing 
alloy, the impurity ratio on the surface of the silicon car- 
bide coating layer is 1 .0 x 1 0^2 atoms/cm^ or less and 



the thickness of the silicon carbide coating layer is 1 0 to 
100 nm. Since the laminated structure has a silicon car- 
bide coating layer which is excellent in oxidation resist- 
ance, chlorine resistance, humidity resistance, and 
which has high refractive index, high light transmittance 
and the like, it is suitable for an optical disk recording 
medium such as a CD-RW, a DVD-RAM or the like. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a laminated structure and a manufacturing method thereof, and in particular, 
to a laminated structure having a coating layer which is particularly suitable for an optical disk recording medium, and 
a manufacturing method thereof. 

BACKGROUND ART 

10 

[0002] There are two processes for recording in a rewritable optical disl< such as a CD-RAM or a DVD-RAM. One 
process is a photomagnetic recording and another process is a phase-changing recording. An alloy such as a TeFeCo 
alloy is used for a recording layer of the optical disk used for the photomagnetic recording. An alloy such as a GaSbTb 
alloy is used for a recording layer of the optical disk used for the phase-changing recording. Since the aforementioned 
IS alloys are easily oxidized, in general, a dielectric layer such as a silicon nitride layer is applied on the alloys by sputtering. 
The coating layer functions as a protective layer and prevents oxidization of the alloys. Further, characteristics such 
as chlorine resistance, moisture resistance, high refractive index, high light transmittance are required for the protective 
layer. 

[0003] In general, a silicon nitride layer Is fonmed by sputtering a silicon target material while nitride Is introduced 
so thereto. As an arc discharge easily occurs and it is difficult to apply high electric power to the silicon nitride layer, it is 
difficult to manufacture the silicon nitride layer. Further, there arise problems in that the silk^on nitride layer heis low 
light transmittance, refractive index and themneU conductivity. 

[0004] In order to form the protective layer on the rewritable optical disk, In general, sputtering is used. One of the 
reasons why sputtering is used is that in order to reduce manufacturing costs, rather than a chemical method such as 

25 CVD method, a physical method such as sputtering, ion plating, vacuum disposition orthe like is advantageous. Among 
the physical methods, in sputtering especially, a speed of forming the protective layer is high and the dose-contact 
between the protective layer and a substrate is excellent. If a DC electric supply which enables high speed formation 
of the protective layer is used, a target material used in the sputtering must have a conductivity of lO^'Q •cm or less, 
preferably 1 0'^Cl •cm or less in terms of a volume resistivity. 

30 [0005] The present invention has been devised to solve the above-described problems and to provide a laminated 
structure which is suitable for an optical disk recording medium such as a CD-RW, a DVD-F^AM orthe like by providing 
a silicon cari^ide coating layer which is excellent in chlorine resistance, humidity resistance, and has high refractive 
index and high light transmittance, and a manufacturing method thereof which enables easy and reliable manufacturing 
of the laminated structure. 

35 

DISCLOSURE OF INVENTION 

[0006] As a result of their diligent study in order to attain the aforementioned object, the present Inventors noted the 
following points. That is, as a result of research to obtain alternatives to the target material necessary for preparing a 

40 derivative such as a silicon nitride, as a target material used in sputtering, it was found that most metals generally have 
large gravity and thus, it is difficult to handle them. Further, in order to obtain a light reflectance necessary for the 
protective layer in order to forni a pure metallic thin layer which has the same property as the target material at the 
time of sputtering, the thickness of the protective layer must be controlled. Therefore, manufacturing of such a target 
material is difficult. Alternatively, most ceramics materials are usually insulating materials. Thus, the ceramics materials 

45 are not suitable for the target material. A sintered silicon carbide is effective as the target material which can control 
the optical characteristics of the protective layer which can be formed thin depending on sputtering conditions. 
[0007] As the target material which can control the optical characteristtes of the protective layer depending on the 
sputtering conditions, a sintered silicon carbide to be described below is effective. The sintered silicon cariDlde has 
high density, high purity and a volume resistivity of 1 0^ a •cm or less, and is obtained by carrying out a step of charging 

50 a nitrogen-containing compound at the time of preparing a mixture of silicon carbide powder and non-metallic sintered 
aid or a step of charging the nitrogen-containing compound at the time of mixing carbide material and silk^on material 
which are materials for silicon carbide powder during manufacturing thereof, in a manufacturing process of a sintered 
silicon carbide disclosed in Japanese Patent Application Lald-Open (JP-A) No. 10-67565 which has already been 
proposed by the present Inventors. Further, a sintered sil'icon cartDide is more effective, which has an impurity ratio of 

55 1 .0 X 1 0ii atoms/cm^ or less on or in a vicinity of its surface due to a washing method disclosed in Japanese Patent 
Application Nos. 10-34856g and 10-348701 being carried out, and which has high density, high purity and a volume 
resistivity of 1 0PCl •cm or less. 

[0008] The present Invention is based on the above-described findings of the present inventors, and includes the 
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following aspects. 

<1 > A laminated structure having a silicon carbide coating layerfonned on an alloy substrate by sputtering, wherein 
the silicon carbide coating layer has a light transmittance of 70% or greater. 
5 <2> The lanninated structure according to <1 >, wherein the alloy substrate Is formed of a magnetic alloy or a phase- 

changing alloy. 

<3> The laminated structure according to <1 > or <2>, wherein an impurity ratio on the surface of the silicon carbide 
coating layer is 1 .0 x lO''^ atoms/cm^ or less. 

<4> The laminated structure according any of <1 > through <3>, wherein the thickness of the sllbon carbide coating 
10 layer is 10 to 100 nm. 

<5> A manufacturing method of a laminated structure having a silicon carbide coating layer formed by sputtering 

with a target material, wherein the silicon carbide coating layer is formed by controlling electric power inputted to . 

a sputtering device, flow rate of oxygen gas or nitrogen gas introduced and sputtering time. 

<6> The manufacturing method of a laminated structure according to <5>, wherein the tariget material is a sintered 
IS silicon carbide, and the sintered silicon carbide has an Impurity ratio of 1 .0 x 1 0^i atoms/cm^ or less on and In a 

vicinity of the surface thereof, a density of 2.9 g/cm^ or greater, and a volume resistivity of 1 0^ £2 •cm or less. 



BEST MODE FOR CARRYING OUT THE INVENTION 

^ [0009] Hereinafter, a lammated structure and a manufacturing method thereof relating to the present invention will 

be explained in detail. 

[001 0] The laminated structure of the present Invention has a silicon carbide coating layer on an alloy substrate. The 
silicon carbide coating layer has a light transmittance of 70% or greater. 
[0011] The alloy substrate is formed of a magnetic alloy or a phase^hanging alloy. 
25 [0012] Examples of the magnetic alloy include a TeFeCo alloy, a GdTbFe alloy and a GdDyFeCo alloy. 

[0013] Examples of the phase-changing alloy include a GaTbFeCo alloy, a GaSbTb alloy, an AllnSbTe alloy, a 
GeTeSb alloy and the like. 

[001 4] The silicon carbide coating layer Is appropriately formed by sputtering with a sintered silicon carbide used as 
the target material. 

30 [001 5] The light transmittance of the silicon carbide coating layer Is 70% or greater and preferably 80% or greater 
and more preferably 90% or greater. 

[001 6] The light transmittance is computed as follows. First, a light transmittance spectrum Is measured for a complex 
obtained by forming a silicon carbide coating layer having a thickness of 1 00 nm on a glass substrate having a thbkness 
of 1 mm, using a spectral photometer (U-4000 manufacture by Hitachi, Ltd.) while the wavelength of incident light Is 

55 changed from 250 nm to 1 ,000 nm. Next, a light reflectance spectrum is measured for a complex obtained by forming 
a silicon carbide coating layer having a thickness of 1 00 nm on a glass substrate having a thickness of 1 mm whose 
back surface is treated such that light is not reflected thereby, using a spectral photometer (U'4000 manufactured by 
Hitachi, Ltd.) while the wavelength of incident light Is changed from 250 nm to 1 ,000 nm. On the basis of the resultant 
light transmittance spectrum and the light reflectance spectrum, a spectrum of the real number portion of the refractive 

40 index and a spectrum of the imaginary number portion of the refractive index are computed using a refractive Index 
analyzing device (Iris 200 manufactured by n & k Technology). By inserting a spectrum of the real number portion of 
the refractive index and a spectrum of the imaginary number portion of the refractive Index at a wavelength of Incident 
light of 633 nm of the computed spectrum of the real number portion of the refractive Index and the computed spectrum 
of the imaginary number portion of the refractive index into the following formula, the light transmittance (%) of the 

45 silicon carbide coating layer having a desired thickness can be obtained. The aforementioned light transmittance refers 
to this light transmittance (%). The following formula takes a multiple reflection Interference effect within planar layers 
which are parallel to each other into conskieration. 

so Light Transmittance T (%) = e^^yf^ismy ^ 

{(1 -re'^'')'^44re sin^(<t)+p)) 

a = 4 tik/X 
p = 2 7cnd/X 
55 r = {(n-1 )2 + ic2}/{(n + 1)2 + k2} 

tan(t) = 2K/(n2 + ic2+i) 
ic = k/n 
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10017] in the above fom^ula. X represents the wavelength of incident light («|3nm). " ^^P^^^f "^^^^^ 
portion of the refractive index, k represents the imaginary ninmber portion of the refractwe index, d represents the 
thickness of the silicon carbide coating layer. «^ r%r«ta/^tK#a xs^wr of 

[001 81 If the light transmittance is 70% or greater, the silicon carbide coating layer '"f . ^ P^?^^^^ '^^^^^^^ 
arewritable optLl disk such as a CD-RW. a DVD-RAM or the like. The light transmittance of less than 70 /» is not 
prS^rS bSSeS light is reflected from the recording layer. Further, it is difficult to read the infomnation of the 

racoixdina laver Moreover, the probability of generation of enors increases. 

T?rJnpurityratioonthesurfaceofthesilic^ 

S WtheTrSpSy ratio exceeds 1.0 X lO^atoms/cm^. defects are easily generated at the time of fomiing a disk 

on a Dit which causes an increase in the probabnity of generatton of errors. . . , ^ 

?oo?n ^^e thfckness of the silicon carbide coating layer is preferabV 10 to 100 nm in view of product on efficiei^cy. 

S I^he^htSiess o^^^^^^^^^ 

Son chtorination and humldifteation of an alloy substrate may deteriorate. If the thickness of the ^-l-con c^art>id« 
I^yTexceeds 1 00 nm. the light transmittance is induced, the infomiation of the recording layer is difficult to 
be read and this may cause an increase in the probability of generation of en-ors. rf»^..ri„„ 
?M?3T' ^le laminated structure of the present invention may be appropriately manufactured by a manufactunng 
method of a laminated structure of the present Invention to be described below. ,.tK«t=tth» 
So241 A characteristte of the manufacturing method of a laminated stmcture of the present '^J^^^^^^^e 
Urne of f omiing a silicon carbide coating layer of the laminated structure of the present invention on an a^y substrate 
by spuSg with a target material used, electric power Inputted to a sputtering device, flow rate of oxygen gas or 
nitrxjgen gas introduced and sputtering time are controlled. , ^ «^ uuh-n tho «>nduc*h/itv of 

[0025] A method of sputtering depends on a conductivity of a target matenal to be used. When the ^^^f"^ 
Se ta gefmaterial is low. high frequency sputtering, high frequency -^9-^^" 

tho conductivity of the target material is high. DC sputtering. DC magnetron sputtenng or the like is used. 

So^61 Of the aforemenLed methods, if a sintered silicon carbide is used as the target matenal. DC sputtenng or 

nr mannetran sDUtterinq is preferable because the target material is conductive. 

poaT TlirvolCrSsti^ity of the target material in DC sputtering which -^'^ ra^id f^ation of the coating 
aver is preferably 100 Q ^ or less. The target material must have a conductw.ty of 1^2 Q or less. 
0028^ As a sintered silicon ca*ide used as the target material, it Is preferableto use asintered s.lu^or, cartj.de hav ng 

KensthSuXandavolumeresistMtyof100a^orless.The^^^^^ 

out a st^ of charginTa nftrogen-containing compound at the time of preparing a mixture of -J'^^" f P°Wna 
!nH = nnn metallic sinterina akl or carrying out a step of charging a nitrogen-containing compound at the tme of mixing 
S2n m;^? andS ^ri2 whicS are maL^s for silicon carbide power at the time of preparing thereof in 
TpVocess of Inuf acturing a sintered silicon cart^ide disclosed in JP-A No. 1 0-67565 wh«h has already ^^P^^^ 
bv the prise^nventors. Further, it is more preferable to use a sintered silicon carbide having high density, high punty 
an XuS Slo oness than 1 .0 x 1 0" atoms/cm2 on or in a vicinrty of the surface thereof by canymg out a washing 
meZd^crsedinspeciffcati^^ 

been proposed by the present inventors, and a volume resistivity of 100Q»cm or less. .,^^H««th« 
S A description will be given of a method of carrying out sputtering with a sintered silicon cart>.de used as the 

{S^I^Jsputtering may be effected under an inert gas (such as argon) atmosphere. An atmospheric pressure 
afterthe inert aas is introduced "is 1.0 x lO""" to 1.0 x lOO Pa. 

ro03iT -The oScal charactertsttes Including a light transmittance and a light reflectance of a silicon cartDide coa ing 
CrL^iSs^cture of the presentinvention manufa^^^^^ 

SThe p^TnUnver^to^ can be corSrolled by electric power inputted at the time of sputtering flow rate of o^orgen gas 
or nl^oin gas Introduced (the flow amount of gas Introduced may be zero (l.e.. no gas is introduced)) and sputtering 
time (i e., a thfckness of the silicon carbkle coating layer). 

rSw2 The electric power to be inputted at the time of sputtering may be different depending on an area of the ta^e 
Sal T^e density of electric power inputted to the target material is computed by (electric power to be inputted/ 
rr^aofti^miS).Adensrtyof inputted electric p 

Thus the density of inputted electric power is preferably 1 .25 to 1 5.0 W/cm2. ..... ^ . 

IJo331 An exSnple of the present Invention will be described hereinafter, but the present invention is not limited to 

tho example. 
! <Preparation of Target Material> 

[00341 The target material was a sintered silicon cari^ide obtained by a method described in Example 1 in thespec- 
fficatl oT japanese Patent Application No. 10-348700. The sintered silicon carbide had a densrty of 3.13 g/cm3. an 
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Impurity ratio of less than 1 .0 x iC"* atoms/cm^ on or in a vicinity of the surface thereof, and a volume resistivity of 
3.2 X 10-2Q»cm. 

<Sputtering l\^ethod> 

5 

[0035] A target material was fomied so as to have a size of 4» 1 00 mm x 5 mm (thicl<ness). The target material was 
disposed in a sputtering device (SH-250 manufactured by ULVAC JAPAN, Ltd.). An ultimate vacuum within the sput- 
tering device was adjusted to 7 x 1 0'^ Pa. Then, argon gas was supplied to the sputtering device at a flow rate of 10 
cm^/min. The time for forming a silicon carbide coating layer was adjusted to obtain a thickness of the silicon carbide 
10 coating layer represented in Table 1. As a result, a laminated structure having a silicon carbide coating layer on an 
alloy substrate having a size of5cmx5cmxlcm (thickness) which substrate was washed by a washing solution 
(TMSC manufactured by TAMA CHEMICALS CO., LTD.) was prepared. 

[0036] It was measured and confimned that the thickness of the formed silicon carbide coating layer had a desired 
thickness using a stylus Instrument of thickness mesurement (Talystep manufactured by Rank Tayer Hobson). 
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<Evaluating Method> 

[0037] Oxidation Resistance: the i^esultant laminated structure was kept under an oxygen atmosphere at SO^'C for 
1 ,000 hours. Then, weight changes of the silicon carbide coating layer was measured. 



Chlorine Resistance: the resultant laminated structure was kept under a chlorine atmosphere at 50**C for 1,000 
hours. Then, weight changes of the silicon carbide coating layer was measured. 

Humidity Resistance: a silicon carbide coating layer was formed on an iron substrate and then kept under an 
atmosphere of 50^C and 70% humidity for 1 ,000 hours. Then, changes of the iron substrate was observed by an 
25 optical microscope at a magnification of X 1 ,000. 

[0038] The silicon carbide coating layer was formed on a glass substrate by sputtering, while electric power inputted 
to a sputtering device, flow rate of oxygen gas and/or nitrogen gas introduced and sputtering time were changed as 
shown In Table 1 . An atmosphere which was reached before inactive gas was introduced was 7 x 10'^ Pa. Results 
30 are shown in Table 1 . 
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rooasi The datafor light transmittance of silbon carbide coating layers of manufactured laminated structures is shown 
n T^le 1 In T^e nurnerical values .^presenting a light transrriittance of less than 70% shown .n a column t. led 
Tlit^sL" JSLng La^er are for Compara«ve Examples and numerical values of 70% or greater are for Examples. 

INDUSTRIAL APPLICABILITY 

r00401 Problems of the prior art are solved by the present invention. By having a silicon carbide coating layer which 
re^lllen tS^on resistant chlorine reLtance. humidfty resistance, and which has 9^^^ ^'^'^^ '"^^^ 
highTgrt^nsmittanc^^ the present invention can provide a laminated structure which is suitable for an optcal disk 
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recording medium such as a CD-RW, a DVD-RAM or the like and a nnethod of manufacturing a laminated structure 
which can manufacture the laminated structure simply and reliably. 



s Claims 

1. A laminated structure having a silicon carbide coating layer formed on an ailoy substrate by sputtering, wherein 
the silicon carbide coating layer has a light transmittance of 70 % or greater 

10 2. The laminated stmcture according to Claim 1 , wherein the alloy substrate is formed of a magnetic alloy or a phase- 
changing alloy. 

3. The laminated structure according to Claim 1 or 2, wherein an impurity ratio on the surface of the silicon carbide 
coating layer is 1 .0 x 1 0^2 atoms/cm^ or less. 

15 

4. The laminated structure according any of Claims 1 through 3, wherein the thickness of the silicon carbide coating 
layer Is 10 to 100 nm. 

5. A manufacturing method of a laminated structure having a silicon carbide coating layer formed by sputtering with 
20 a target material, wherein the silicon carbide coating layer is fomried by controlling electric power Inputted to a 

sputtering device, flow rate of oxygen gas or nitrogen gas introduced and sputtering time. 

6. The manufacturing method of a laminated structure according to Claim 5, wherein the target material is a sintered 
silicon carbide, and the sintered silicon carbide has an impurity ratio of 1 .0 x lOli atoms/ cm^ or less on and in a 

25 vicinity of the surface thereof, a density of 2.9 g/cm^ or greater, and a volume resistivity of 10^ Q -cm or less. 
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